Fat tolerance tests demonstrated elevated and prolonged postprandial lipemia in markedly obese, hypercholesteremic, and atherosclerotic subjects when compared with normal individuals. An improvement of this abnormal fat tolerance was achieved following rigid fat restriction in hypercholesteremic and atherosclerotic subjects and following weight reduction in the extremely obese. An inferential relationship is suggested between extreme obesity and atherosclerosis.
D URING recent years greater availability of calories and the lessened necessity for their expenditure have brought about an increase in the incidence of obesity.
Life insurance statistics and clinical studies revealingly document a relationship between obesity and atherosclerosis.' A statistically significant relationship has also been demonstrated between serum lipid and lipoprotein abnormalities and atherosclerosis.2
Certain biochemical abnormalities have been demonstrated in obesity and these have been related to atherogenesis. Postprandial hyperlipemia may persist in obese subjects.3 A similar persistent hyperlipemia has been noted in atherosclerosis. 4 Hirsch and Carbonaro5 found that the greatest percentage increase in serum fatty acids of normal subjects following a test fat meal occurred invariably in persons who tended to be obese and those who easily gained weight. An average weight loss of 19 pounds led to a significant reduction of the serum Sf 12-20, Sf 21-35, and Sf 35-100 lipoprotein fractions and total cholesterol in the majority of subjects of another experiment.6 However, dietary fats as well as calories were drastically restricted. The effect of caloric restriction without fat restriction was not determined.
The following experiments were designed to determine the effect of a eucaloric, low-fat diet on serum lipids and fat tolerance in normal individuals, hyperlipemic individuals and elderly atherosclerotic individuals. Serum lipids and fat tolerance were similarly studied in obese subjects before and after weight reduction, following caloric restriction without rigid fat restriction.
MATERIALS AND METHODS
Group 1 included five clinically normal male subjects, 20 to 40 years of age, of average weight, whose serum lipid values were within normal limits. Group II included four clinically normal male subjects, 20 to 40 years of age, of average weight, whose serum lipid values were considered abnormal. Group III included six male geriatric subjects over 70 years of age with positive clinical evidence of atherosclerosis Group IV was composed of 10 moderately obese subjects who were otherwise normal. There were seven females and three males in this group and all were less than 40 years of age. Group V was composed of 11 extremely obese subjects 20 to 40 years of age including eight males and three females, whose initial weights were 250 pounds or more.
A fat tolerance test was done on all subjects in groups I, II, III, and V initially. This Subjects on group V were permitted a 1200 to 1500 calorie diet daily which included at least 60 Gm. of fat. They were observed for periods up to 50 weeks. Total serum cholesterol was determined at regular intervals and fat tolerance studies were conducted both before and after weight reduction. Total cholesterol was determined by the Schoenheimer-Sperry method.7 Lipid phosphorus was measured by a modification of the Fisk and Subbarow method and converted to phospholipid by the factor 25.8 Fatty acids were measured by a method described by Bauer and Hirsch.9
RESULTS
The pertinent data are summarized in tables 1 and 2.
A. Total Serum Cholesterol
Serum cholesterol levels in elderly individuals (group III) were found, as in previous studies,10 to be relatively low. Similar low serum cholesterol levels were found in patients with extreme obesity (group V). The cholesterol levels in these elderly atherosclerotic individuals were unaffected by a eucaloric diet with rigid fat restriction. Weight loss with a low calorie (60 Gm.) fat diet in extremely obese subjects did not affect the relatively low serum cholesterol levels.
The serum cholesterol of normal and hypercholesteremic subjects was lowered by a rigidly fat restricted eucaloric diet. However, when these studies were continued for longer periods than those demonstrated in table 1, serum cholesterol rose toward pretreatment levels despite the continuance of the low fat diet. It was extremely difficult to maintain subjects on this low fat diet for a period longer than six weeks.
In none of the groups was the serum cholesterol value altered in the acute experiment following the intake of a breakfast meal containing 204 Gm. of fat. B. Phospholipids During the low-fat, eucaloric diet study, serum phospholipids followed the pattern of serum cholesterol in the normal individuals and the cholesterol-phospholipid ratio was similar before and at the end of six weeks. In the hyperlipemic individuals the fall in phospholipid levels did not approximate the fall in cholesterol levels and the cholesterol-phospholipid ratio was lowered. In the subjects in the old age groups the phospholipid levels, similar to the cholesterol levels, were not significantly changed by six weeks on the eucaloric low-fat diet. Weight reduction without fat restriction had little effect on phospholipid levels in extremely obese individuals.
During the acute experiment in which subjects ingested 204 Gm. of fat in the breakfast meal, phospholipids rose moderately in all groups. Lipemia occurred despite the lowered cholesterol-phospholipid ratio during these acute experiments. C. Serum Fatty Acids Fatty acids were low in the elderly atherosclerotic individuals as were all other lipid fractions. Serum fatty acids were moderately elevated in extremely obese individuals although all other lipid fractions were low.
The lipemic response to the fat meal appeared to yield more information. In normal subjects, serum fatty acids, rose moderately following the ingestion of 204 Gm. of fat in the test breakfast. Within eight hours these had returned to fasting levels. In the hyperlipemic subjects, although fasting fatty acids were lower than in normals, they rose considerably higher and were maintained above the postabsorptive level longer than 12 hours. A high and prolonged elevation of fatty acid was demonstrated in group III (elderly atherosclerosis). Group V (extreme obesity) exhibited a prolonged elevation of fatty acids following the test breakfast.
In groups I, II, and III a eucaloric diet with rigid fat restriction and in group V, weight loss without rigid fat restriction, caused a change in the fat tolerance curve. The change consisted in the serum fatty acids not reaching as high levels as previously and returning more rapidly to postabsorptive levels. DISCUSSION The importance of the relationship of hypercholesteremia to experimental atherosclerosis in animals encouraged attempts to establish a similar relationship in man. Although numerous investigations have failed to clearly confirm hypercholesteremia as atherogenic in the human, frequent attempts have been made to alter serum cholesterol levels by dietary means.
The present data reveal that serum cholesterol is significantly lowered by rigid fat restriction even when sufficient calories are provided to prevent loss of weight. When experiments are continued beyond the six weeks of the present study, continued fat restriction fails to maintain the fall in serum cholesterol previously established.
Previous investigations of obesity and serum lipids have been concerned largely with the effect of the reduction of fat intake coincident with caloric restriction.6 Our investigation of weight loss without extreme fat restriction, indicates that there is no effect of simple caloric restriction on serum cholesterol values. Serum cholesterol is unaltered by rigid fat restriction in the elderly patient with initially low levels. Other lipid fractions usually follow a pattern similar to cholesterol changes.
These experiments clearly indicate that serum cholesterol levels are unaffected by the acute intake of large amounts of fat and cholesterol.
The theory has been advanced'1 that the gradual development of atherosclerosis in otherwise normal human beings may be the direct result of recurrent alimentary chylomicronemia due to repeated ingestion of many fatty meals over a lifetime; prolonged postprandial lipemia is considered the atherogenic factor. Physiologic postprandial lipemia reaches its peak within five hours and does not persist beyond eight hours. Prolonged postprandial lipemia was observed in groups I, II, III, and V. A more normal fat tolerance was obtained following rigid fat restriction in groups I, II, and III, and following weight reduction in group V.
SUMMARY
Hypercholesteremia is affected by severely fat restricted eucaloric diets although no weight loss is evidenced. Weight reduction without rigid fat restriction appeared not to affect serum cholesterol levels.
Elevations and prolongations in elevation of postprandial serum fatty acids were observed in hypercholesteremic, elderly atherosclerotic and extremely obese individuals. This abnormal fat tolerance was improved in hypercholesteremic and elderly atherosclerotic subjects following rigid fat restriction and in extremely obese subjects following weight reduction. If postprandial hyperlipemia is an atherogenic factor and its alteration is affected by weight reduction, these observations provide further evidence of the value of weight reduction for the prevention of atherosclerosis.
SUMARIO ESPA~OL
La hipercolesterolemia es afectada por la restriccion severa de grasas en dietas eucal6ricas aunque perdida en peso no ocurri6. La reduccidn de peso sin restricci6n rigida de grasas aparentemente no afecto el nivel de colesterol en el suero.
Elevaciones y prolongaciones en la elevacidn de los acidos grasos postprandiales fueron observadas en individuos de edad madura, hipercolesterolemicos y extremadamente obesos.
Esta tolerancia anormal a las grasas fu4 mejorada en individuos de edad madura, hipercolesterolemicos y ateroescler6ticos sometidos a una dieta con restricci6n rigida de grasas y en sujetos sumamente obesos sometidos a una reduccion en peso. Si la hiperlipemia postprandial es un factor aterogenico y su alteracidn es afectada por reduccion en peso, estas observaciones proveen mas evidencia del valor de la reduccion en peso en la prevencidn de la ateroesclerosis.
